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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain such a structure that a 
balanced surface acoustic wave filter which has a reliable electric 
power resistance and a smooth passing characteristic for its 
passing band can be manufactured in a small size and the influences 
of processes on its characteristics can be reduced. 
SOLUTION: A surface acoustic wave filter SI is constituted by 
connecting in parallel lattice type circuits U in each of which 
surface acoustic wave resonators 3 each composed of a plurality of 
IDT electrode are connected to each other in a symmetric lattice, 
or ladder type circuits, in each of which the surface acoustic wave 
resonators 3 are connected in a ladder, on the input or output sides 
of IIDT electrodes 2 constituted by alternately juxtaposing plural 
IDT electrodes 2a for input and plural IDT electrodes 2b for output 
through wiring patterns. The IIDT electrodes 2 and extended 
electrode extensions 6 and 7 of the lattice circuits L are arranged 
on wiring patterns 4, 5. 9. 10. 1 1. and 12 and an insulating layer 8 
disposed on the patterns. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain such a structure that a balanced surface 
acoustic wave filter which has a reliable electric power resistance and a smooth 
passing characteristic for its passing band can be nnanufactured in a small size 
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and the influences of processes on its characteristics can be reduced. 
SOLUTION: A surface acoustic wave filter S1 is constituted by connecting in 
parallel lattice type circuits L, in each of which surface acoustic wave resonators 
3 each composed of a plurality of IDT electrode are connected to each other in a 
symmetric lattice, or ladder type circuits, in each of which the surface acoustic 
wave resonators 3 are connected in a ladder, on the input or output sides of I IDT 
electrodes 2 constituted by alternately juxtaposing plural IDT electrodes 2a for 
input and plural IDT electrodes 2b for output through wiring patterns. The I IDT 
electrodes 2 and extended electrode extensions 6 and 7 of the lattice circuits L 
are arranged on wiring patterns 4, 5, 9, 10, 11, and 12 and an insulating layer 8 
disposed on the patterns. 
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CLAIMS 



[Claim(s)] 

[Claim 1] To the input or output side of an IIDT electrode which installed two or 
more IDT electrodes for an input, and two or more IDT electrodes for an output 
by turns The lattice mold circuit which connected the surface acoustic wave 
resonators which consist of two or more IDT electrodes in the shape of a 
symmetry grid, Or connect the ladder mold circuit which connected the surface 
acoustic wave resonator which consists of two or more IDT electrodes in the 
shape of a ladder through a circuit pattern, and it changes. The surface acoustic 
wave filter characterized by arranging the electrode extension section of said 
IIDT electrode, said lattice mold circuit, or a ladder mold circuit on the insulating 
layer prepared on said circuit pattern and this circuit pattern. 
[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
coming to carry out the laminating of the protective layer which satisfies the 
following type on said IIDT electrode, said lattice mold circuit, or a ladder mold 
circuit. 

1x109 Omega<=rho/h <=1x1013ohm (however, resistivity of rho: protective layer, 
h: thickness) 

[Claim 3] To the input or output side of an IIDT electrode which installed two or 
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more IDT electrodes for an input, and two or more IDT electrodes for an output 
by turns The lattice mold circuit which connected the surface acoustic wave 
resonators which consist of two or more IDT electrodes in the shape of a 
symmetry grid. Or it is the manufacture approach of the surface acoustic wave 
filter which connects the ladder mold circuit which connected the surface acoustic 
wave resonator which consists of two or more IDT electrodes in the shape of a 
ladder, and changes. The process which forms the circuit pattern which connects 
said IIDT electrode, said lattice mold circuit, or a ladder mold circuit. The process 
which forms an insulating layer in the field except a connection with said IIDT 
electrode, said lattice mold circuit, or a ladder mold circuit at least. And the 
manufacture approach of the surface acoustic wave filter characterized by 
performing the process which forms said IIDT electrode, said lattice mold circuit, 
or a ladder mold circuit one by one. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter of 
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an unbalance balance conversion mold especially about the frequency band filter 
built in mobile wireless devices, such as a land mobile radiotelephone and a 
cellular phone. 
[0002] 

[Description of the Prior Art] One or more ctenidium-like electrodes (it is Inter 
Digital Transducer and they are the following and IDT it abbreviates to an 
electrode) of a pair are arranged on a piezo-electric substrate, and the basic 
configuration of conventional surface acoustic wave (it abbreviates to SAW below 
Surface Acoustic Wave :) equipment is this IDT. It is excited [ SAW ] from an 
electrode. On a propagation path, it is SAW. The reflector for making it resonate 
efficiently is arranged in those both ends. 

[0003] IDT An electrode and a reflector are 36degreeY. Cut X On the piezo- 
electric substrate which consists of a propagation lithium tantalate single crystal 
etc., they are aluminum and aluminum-Cu by the thin film forming methods, such 
as vacuum deposition and a spatter. Electric conduction objects, such as an alloy, 
are formed and produced by the detailed electrode pattern by the 
photolithography method. 

[0004] Moreover, it is SAW by the use components mark reduction for small and 
lightweight-izing of this mobile communication equipment etc., and low-cost-izing. 
Addition of a new function is demanded of the filter. It is SAW in which the 
electrical connection of an unbalanced input-balanced output or a balanced 
input-unbalanced output is possible to the balanced I/O edge of the mixer 10 
which performs a down convert and rise convert of a carrier transmitting number 
frequency to one of them. A filter (the following and balanced type SAW it is 
called a filter) is desired. Moreover, in order to change, it doubles with this 
resistance, and the rated resistance by which termination is carried out at a 
balanced edge with Mixer 10 is a balanced type SAW. It is necessary to design 
balanced end connection resistance of a filter. 

[0005] The conventional SAW Since it is the connection structure which can 
generally perform only an unbalanced input-unbalanced output (see JP,5- 



( 



183380,A etc.), a filter is SAW. It connects through balanced - unbalance 
converter called a balun between a filter and Mixer IC. 
[0006] Moreover, balanced type SAW As a filter, as shown in drawing 1 1 , in 
order to raise the magnitude of attenuation out of band, the surface acoustic 
wave filter JO which connected two resonator mold filters 71 and 72 to mirror 
symmetry is known (see JP,8-65094,A etc.). Since it constitutes so that the 
energy of SAW may make it accumulate into a resonator mold filter and may 
form especially the band-pass filter of RF block although it can respond to 
balanced I/O in such a resonator mold filter, it is IDT. Thereby, although the pitch 
of the ctenidium of an electrode must be made very small and must be carried 
out, when power is impressed to RF block, a filter shape may deteriorate in the 
migration of an electrode and it becomes a big problem on dependability. 
[0007] In order to solve these troubles, it is SAW first. Compound resonator mold 
SAW made to constitute using many resonators in order to have distributed the 
power impressed to a filter Filter structure, Balanced type SAW As a filter, it is 
IDT. Multi-electrode which laid the electrode every other I/O (by Inter-degitated 
Inter Digital Transducer) a following and IIDT electrode - omitting - it is 
necessary to make it compound, to constitute and to distribute an electrical 
potential difference, and it necessary to raise power-proof nature 
[0008] Moreover, an IIDT electrode is IDT. Much configurations of an electrode 
come out, for a certain reason, wiring with aluminum wire and Au wire which 
were performed from the former is complicated, and area also with the great pad 
section which connects an IIDT electrode to this wire is needed. 
[0009] Then, these people are IDT for an input of plurality [ top / piezo-electric / 
substrate 51 ], as shown in drawing 6 . Electrode 52a and two or more IDT(s) for 
an output To the input or output side of the IIDT electrode 52 installed by turns, 
electrode 52b Two or more IDT(s) The lattice mold circuit L or two or more IDT(s) 
which connected surface acoustic wave resonator 53 which consist of an 
electrode in the shape of a symmetry grid The surface acoustic wave filter J 
which connects the ladder mold circuit which connected the surface acoustic 



wave resonator which consists of an electrode in the shape of a ladder, and 
changes is proposed. In addition, for an input electrode and 55, as for the input- 
side solid wiring section and 57, an earth electrode and 56 are [ 54 / the output 
side solid wiring section and 58 ] an insulating layer and the electrode of a 
balanced output pair [ 62 / the input electrode of the lattice mold circuit L and / 61 
and 62 / 60 / 59 and ]. 
[0010] 

[Problem(s) to be Solved by the Invention] However, when making solid wiring 
connection of the above filters, as first shown in drawing 7 , IIDT52 and the 
surface acoustic wave resonator 53 are formed on the piezo-electric substrate 51. 
Next, since it is the structure which forms on it the insulating layer 58 shown in 
drawing 8 , and finally forms the input electrode 54 shown in drawing 9 , an earth 
electrode 55, the input electrodes 59 and 60 of a skeleton pattern electrode, one 
electrode 61 of a balanced output pair, and another electrode 62 of a balanced 
output pair If an insulating layer 58 was not moderately thick, it becomes 
impossible for the effectiveness of layer insulation to have demonstrated enough, 
and when the insulating layer 58 on each surface acoustic wave resonator was 
too thick conversely, there was a problem that a filter shape will deteriorate. 
[0011] Moreover, if in the case of the above-mentioned structure wiring etc. is 
formed after protecting by the insulating layer 58 after formation of a ctenidium 
electrode, since membrane formation of an electrode material and the process of 
etching will be once made by the insulating layer 58 on a ctenidium electrode, the 
front face of an insulating layer 58 is surely etched, and the problem of a 
frequency changing arises. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the surface acoustic wave filter of this invention To the input or output 
side of an IIDT electrode which installed two or more IDT electrodes for an input, 
and two or more IDT electrodes for an output by turns The lattice mold circuit 
which connected the surface acoustic wave resonators which consist of two or 



more IDT electrodes in the shape of a symmetry grid, Or connect the ladder mold 
circuit which connected the surface acoustic wave resonator which consists of 
two or more IDT electrodes in the shape of a ladder through a circuit pattern, and 
it changes. The electrode extension section of an I IDT electrode, said lattice 
mold circuit, or a ladder mold circuit is characterized by being arranged on the 
insulating layer prepared on the circuit pattern and this circuit pattern. 
[0013] Moreover, it is characterized by coming to carry out the laminating of the 
protective layer which satisfies the following type on an IIDT electrode, a lattice 
mold circuit, or a ladder mold circuit. 

[0014] 1x109 Omega<=rho/h <=1x1013ohm (however, resistivity of rho:protective 
layer, h: thickness) 

Moreover, the manufacture approach of the surface acoustic wave filter of this 
invention To the input or output side of an IIDT electrode which installed two or 
more IDT electrodes for an input, and two or more IDT electrodes for an output 
by turns The lattice mold circuit which connected the surface acoustic wave 
resonators which consist of two or more IDT electrodes in the shape of a 
symmetry grid. Or it is the manufacture approach which connects the ladder mold 
circuit which connected the surface acoustic wave resonator which consists of 
two or more IDT electrodes in the shape of a ladder, and changes. The process 
which forms the circuit pattern which connects an IIDT electrode, a lattice mold 
circuit, or a ladder mold circuit. It is characterized by performing the process 
which forms the process which forms an insulating layer in the field except a 
connection with an IIDT electrode, a lattice mold circuit, or a ladder mold circuit at 
least and an IIDT electrode and a lattice mold circuit, or a ladder mold circuit one 
by one. 
[0015] 

[Embodiment of the Invention] SAW concerning this invention The operation 
gestalt of a filter is explained to a detail based on a drawing. 
[0016] As shown in drawing 1 , it is SAW of this invention. A filter SI To the input 
or output side of the IIDT electrode 2 installed by turns, two or more IDT 



I 



electrode 2a for an input, and two or more IDT electrode 2bs for an output The 
ladder mold circuit which connected the surface acoustic wave resonator which 
consists of the lattice mold circuit L or two or more IDT electrodes which 
connected surface acoustic wave resonator 3 which consist of two or more IDT 
electrodes in the shape of a symmetry grid in the shape of a ladder is connected 
through a circuit pattern, and it changes. Moreover, as shown in drawing 5 , the 
electrode extension sections 6 and 7 of the IIDT electrode 2, the lattice mold 
circuit L, or a ladder mold circuit are arranged on the insulating layer 8 prepared 
on circuit patterns 4, 5, 9, 10, and 1 1, 12, and these circuit patterns. 
[0017] Moreover, as shown in drawing 5 , the laminating of the protective layer 
15 may be carried out on the IIDT electrode, the lattice mold circuit L, or the 
ladder mold circuit. 

[0018] Here, the piezo-electric substrate 1 is a 36 degree**3 degreeY 
propagation lithium niobate single crystal and 46 degree**3 degreeX cut Z. Cut X 
A propagation lithium tantalate single crystal and 42degree**3degreeY Cut X A 
propagation lithium tantalate single crystal and 64degree**3degreeY A cut X 
propagation lithium niobate single crystal and 41degree**3degreeY Cut X A 
propagation tetraboric-acid lithium single crystal etc. can use it suitably, and 
since [ that an electromechanical coupling coefficient is large and ] these piezo- 
electric substrates have the small frequency temperature coefficient, they are 
desirable. The thickness of this piezo-electric substrate 1 has about 0.1-0.5 
goodmm, and by less than 0.1mm, a piezo-electric substrate cannot become 
weak, by 0.5mm **, ingredient cost and a components dimension become large 
and it cannot be used. 

[0019] Moreover, IDT An electrode 2 and a reflector 13 consist of aluminum or 
aluminum alloy (aluminum-Cu a system and aluminum-Ti system etc.), and are 
vacuum deposition, the sputtering method, or CVD. It forms by the thin film 
forming methods, such as law. And IDT An electrode 2 is about 30-200 pairs of 
logarithms, and IDT. An electrode pitch is 0.4 micrometers - about 20 
micrometers, and crossover width of face (aperture width) is 10 micrometers - 



about 500 micrometers and IDT. For electrode thickness, it is SAW to be referred 
to as 0.1 micrometers - about 0.5 micrometers. It is suitable when acquiring the 
property as a filter. 

[0020] For 4, as for the circuit pattern for earth electrodes, and 6, the circuit 
pattern for input electrodes and 5 are [ the input-side solid connection wiring 
section and 7 ] the earth side solid connection wiring sections. An electrical 
signal is added to the I IDT electrode 2 with the structure in which added RF 
electrical signal to the circuit pattern 4 for input electrodes, and the circuit pattern 
5 for earth electrodes, and solid wiring was carried out by such configuration. 
[0021] moreover, the insulating layer 8 - SiO 2, SiN, or aluminum 203 etc. - it 
considers as the insulating thin film which consists of one or more sorts. 
[0022] Moreover, SAW concerning this patent They are Si, SiO 2, SiN, and 
aluminum 203 to the SAW propagation section on the electrode of a filter 
element, and a piezo-electric substrate. It is good to form as a protective layer 15 
and to perform the energization prevention and the improvement in power-proof 
by the conductive foreign matter. Here, the thickness of a protective layer 15 has 
15nm - desirable 75nm. If thinner than 15nm, the function as a protective layer 
will not be achieved, and if thicker than 75nm, the problem that the insertion loss 
of a filter becomes large will arise. 

[0023] Moreover, when resistivity of the protective layer at this time is set to rho 
and thickness is set to h, inter-electrode discharge according that rho/h is 1x109 
to 1x1013ohms to pyroelectricity can be prevented. 
[0024] Moreover, the above-mentioned surface acoustic wave filter SI is 
manufactured according to the following processes at least. First, as shown In 
drawing 2 , the process which forms the circuit patterns 4, 5, 9, 10, 1 1, and 12 
which connect the I IDT electrode 2, and the lattice mold circuit L or a ladder mold 
circuit is performed. Next, the process formed in a pattern as shows an insulating 
layer 8 at least to the field except the connection of the I IDT electrode 2, and the 
lattice mold circuit L or a ladder mold circuit at drawing 3 is performed. And as 
shown in drawing 4 , it is made to perform the process which forms the IIDT 



electrode 2, and the lattice mold circuit L or a ladder mold circuit. 

[0025] According to the surface acoustic wave filter S1 obtained in this way, as 

shown in drawing 10 , the very good property that the deflection in a band is 

small was acquired from the magnitude of attenuation in the normalized radiam 

frequency (value which divided the frequency by center frequency) in the range 

of 800MHz - 2.5GHz center frequency at least. 

[0026] 

[Example] As shown in drawing 1 , the resonator of the grid connection of an IIDT 
electrode mold with an output side was arranged to the input side, and these 
wiring performed the design which facilitated wiring with a wire according to 6 of 
drawing 1 , and the structure of 7. The electrode line breadth of an IIDT electrode 
is 1.1 micrometers, and the line breadth of the IDT electrode of the serial arm 
resonator constituted by the skeleton pattern is 1.05 micrometers, and line 
breadth of the IDT electrode of a grid arm resonator was set to 1 .1 micrometers. 
Moreover, electrode layer thickness is 3200A and the average lambda of a total 
ctenidium-like electrode pitch and the ratio with the electrode layer thickness h of 
a ctenidium-like electrode could be 7.4%. 
[0027] The concrete production approach is explained below. 
[0028] 42degreeY Cut X It produced by forming the circuit pattern which covers 
said structure and said resonator electrode detail on the piezo-electric substrate 
which consists of a propagation lithium tantalate single crystal, a resist is applied 
to the substrate washed first by about 1 -micrometer thickness - N2 BEKU was 
performed in the ambient atmosphere. 

[0029] Next, ultraviolet rays (Deep-UV) They are much SAW(s) on a substrate by 
the photolithography method by the used adhesion exposure machine. The 
negative pattern of the resist of a filter was formed. At this time, the photo mask 
used the thing with a thickness of 0.25 inches. 

[0030] Next, aluminum was formed with the electron-beam-evaporation machine 
on the negative pattern. Then, lift off of the unnecessary aluminum was carried 
out in resist exfoliation liquid, and aluminum electrode pattern of the outline 



configuration shown in drawing 2 was produced. Next, the sputtering method 
Si02 IVIembranes were formed. 

[0031] then, a resist is applied by about 1 -micrometer thickness - N2 BEKU was 
performed in the ambient atmosphere. Next, ultraviolet rays (Deep-UV) The 
resist was formed on the substrate by the photolithography method by the used 
adhesion exposure machine at the pattern of drawing 3 . CF4 02 It is RIE with 
the gas used as a principal component A deed and Si02 Patterning was carried 
out. 

[0032] Next, aluminum was formed with the electron-beam-evaporation machine. 
The again same photolithography technique as the above is used, and they are 
much SAW(s). The pattern of the resist of a filter was formed. Etching of 
aluminum BCI3 C12 N2 Gas is used and it is RIE. It carried out by law. Then, lift 
off of the unnecessary aluminum is carried out in resist exfoliation liquid, and it is 
IDT. Detailed circuit patterns, such as an electrode, were produced. Then, IDT 
The electrode was connected to the network analyzer and the frequency 
characteristics of an insertion loss were measured. 

[0033] consequently, the range of 800MHz - 2.5GHz center frequency - setting - 
the deflection in a band - 1.2dB it is the good property was able to be acquired. 
[0034] 

[Effect of the Invention] Since solid wiring was made to be carried out in an 
insulating layer and an electrode layer after formation of a circuit pattern 
according to the surface acoustic wave filter and its manufacture approach of this 
invention as explained above, an insulating layer can be made thick enough and 
interelectrode capacity can be made small. Moreover, function sufficient as a 
, layer insulation layer can be given, and the outstanding surface acoustic wave 
filter can be offered. 

[0035] Moreover, the surface acoustic wave filter which was excellent in the 
dependability which an insulating layer is not exposed to the etching process of a 
detailed IDT electrode, and does not have property change, such as frequency 
change, can be offered. 



[0036] Furthermore, when it is not necessary to prepare a thick insulating layer 
on a surface acoustic wave resonator and there are no worries about 
degradation of the property by this, the surface acoustic wave filter which was 
excellent in dependability or a property can be offered by forming the protective 
layer optimal on a surface acoustic wave resonator. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline top view showing typically the surface acoustic wave 
filter concerning this invention. 

[Drawing 2] It is the top view of the 1st layer on the piezo-electric substrate of the 

surface acoustic wave filter concerning this invention. 

[Drawing 3] It is the top view of the 2nd layer on the piezo-electric substrate of 

the surface acoustic wave filter concerning this invention. 

[Drawing 4] It is the top view of the 3rd layer on the piezo-electric substrate of the 

surface acoustic wave filter concerning this invention. 

[Drawing 5] It is an A-A' line sectional view in drawing 1 . 

[Drawing 6] It is the outline top view showing a surface acoustic wave filter 



typically. 

[Drawing 7] It is the top view of the 1st layer on the piezo-electric substrate of the 
surface acoustic wave filter shown in drawing 5 . 

[Drawing 8] It is the top view of the 2nd layer on the piezo-electric substrate of 
the surface acoustic wave filter shown in drawing 5 . 

[Drawing 9] It is the top view of the 3rd layer on the piezo-electric substrate of the 
surface acoustic wave filter shown in drawing 5 . 

[Drawing 10] It is the property Fig. of the surface acoustic wave filter of this 
invention. 

[Drawing 1 1] It is the top view showing the structure of the conventional 

resonator mold filter. 

[Description of Notations] 

1 : A piezo-electric substrate 

2: 1 IDT electrode 

3: Skeleton pattern electrode 

4: Input electrode 

5: Earth electrode 

6: Input-side solid wiring section 

7: Earth side solid wiring section 

8: Insulating layer 

9 10: The input electrode of a lattice mold circuit 

1 1 : One electrode of a balanced output pair 

12: The electrode of another side of a balanced output pair 

15: Protective layer 

S1 : Surface acoustic wave filter 
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